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1. INTRCDUCTION

This is a report of the research activities carried out during the
first year of grant NsG 56-60 fron the National Aeronautics and Space
Agency to the California Institute of Technology. The grant is for basic
research pertaining to the moon and planets. Professor Harrison Brown
is the principal investigator and Dr. Bruce C. Murray is the associzate
rrincipal investigator. Part I summarizes administrative and financial
information, whereas the present document is intended to provide our
co-workers with an interim description of the research activities with
which we are now involved. Publication of final results, in general,
will be through the customary formal channels of professional journalse

The full-time research staff supported by the grant began work mostly
in the last guarter of the grant year and may be augmented slightly during
1961, In addition to Dr. Murray, the staff includes a geochemist, Walter
Nichiporuk and two research assistants, Zleanor Helin and Sandy (Y.lM.)Liu.
Hugh Millard, Kenneth Watson, and David Roddy are 1/3 time graduate research
assistants. Victor Nenow and Curtis Baumann, electronic and mechanical
technicians of the Division of Geological Sciences, have contributed on
a part-time basis. Dr. Alexander Pogo, an expert on the astronomical
literature and an accomplished linguist, serves us in a consultant capacity.
During the summer months, Gregory Smith, David Roddy, and Dr. Dale Simpson
were employed under the grant. The services of the Spectrographic
laboratory under Arthur Chodos and the Chemical laboratory under Dr. Donald
Maines have been utilized extensively. Also, we wish to gratefully
acknowledge the collaborative efforts of Professor leon T. Silver and of
Micnel Duke, a National Science Foundation Fellow.

Other presentations of research during 1960, wholly or partly
spensored by this grant, are:

1. Brown, Harrison, "The Density and Mass Distribution of Meteoritic
Bodies in the Neighborhood of the Earth's Crbit", JGR, 65, 6, 1679-
1683, June, 1960,

2. Helin, E. K. & B. C. Murray, "The Southern California Fireball
of September 12, 1960", 21 September, 1960. (Privately circulated
to meteoriticists and satellite tracking agencies).

3. Murray, B. C., & 4. B. Lees, "An Invariant Property of Satellite
Motion in a Dissipative Mediun", Presented at the American Astronomical
Society Meetings, 16-18 January, 1961, Dallas, Texas, and to be
included in the proceedings of those meetings.




L. Watson, Kenneth, Bruce Murray and Harrison Brown, "On the
Possible Presence of Ice on the Moon", accepted by the JGR as
a2 Letter to the Editor, January, 1961.

5. Brown, Harrison, "Frequency of lMeteoritic Falls", Presented
to the lMeteoritical Society Meeting, 1960, University of Southern
California, Los Angeles, Calif.

6. Brown, Harrison, "Addendum: The Density and Mass Distribution
of Yeteoritic Bodies in the Neighborhood of the Earth's Orbit",
accepted by the JGR as a Letter to the Editor, January, 1961.

In the following sections, the research dealing with first the
moon and then with meteorites will be reviewed separately. &
bibliogrephy is presented as section L.




2. LUNAR INVESTIGATIONS

2.1 INTRODUCTION

The overall objective of the lunar research carried out under the
grant is the improved understanding of lunar history and, hence, improved
understanding of the history of the earth-moon system. A significant
improvement in our understanding of lunar history, however, can only
resnlt from vastly increased knowledge of the physics, chemistry, and
geology of the moon, and particularly of its surface. IMuch applicable
data can be expected to resnlt from the ummanned instrumented probes
to be placed on or near the lunar surface during the 1960's. However,
these probes must be preceeded and accompanied by a considerzble amount
of laboratory and telescopic investigations and theoretical analysis in
order for the probe measurements to be of maximum scientific significance.
It is with this viewpoint of the interdepsndence of ground-based and
probe-borne observations, and with recognition of the decade-long time
scale which now cheracterizes lunar research, that we have selected our
preliminary research topics. In particular, we are developing the
following four approaches:

(1) systematic collecticn and analysis of the diverse literature
pertaining to observations and interpretetion of lunar phenomena.
(2) careful laboratory investigation of the properties of powders
in a hard vacuum with particular emphasis on zbsorption, scattering,
and polarization of visible, and eventually infra-red, electromagnetic
radiatione.

(3) photoelectric observations of selected small portions of the
lunar surface in the visible, and eventually in the infra-red,
portion of the spectrum

(L) tneoretical analysis of processes governing differentiation,
transport, concentration, and escape of elements and compounds on
the lunar surface.

In regards to literature searching and translation we have been
particularly fortunate to acquire the part-time services of Dr. Alexander
Pogo, an expert in the Astronomical literature. He and lrs.. Heliny
principally, have already accumulated approximately LOO lunar references
mostly pertaining to visible and infra-red radiation. In additicn, we
have had the following articles translated:

Dollfus, Audouin, "Renewed Search for an Atmosphere in the Vicinity
of the Moon", Comptes rendus, Vol. 23k, pp. 2046-20L49, 1952

Fedorets, V. A., "Photographic Photometry of Lunar Service", Trudy
¥harkov Astron. Obs., (Vol. 10, old series) Vol. 2, L$-172, 1952
(same as, lezrned Notices Xhakov State Univ., Vol. L2, L19-172)




Lyot, Bernard and Dollfus, Audouin, "Search for an Atmosphere in the
Vicinity of the Moon", Comptes rendus, Vol. 229, pp. 1277-1280, 1949

Orlova, N. S., "Indicatrix of Scattering for the Lunar Surface",
Astronomical Circular pube by Bureau of Astronomical Communications
of the USSR Acad. of Sciences, No. 156, pp. 19-21, Jan. 18, 1955

Sharonov, V., "Color Differences on Lunar Surface", Astronomical
Circular pub. by Bureau of Ast, Communications of USSR, No. 166,
ppo 9-11, Jan., 1956

Yezerskiy, V. and Fedorets, V., "Photographic Spectrophotometry of
the Lunar Surface", Academy of Science (Circular) USSR, No. 159,
pp. 18-20, March, 1955

lost of these have not been edited, and are not in finished manuscript
form. Ultimately, edited versions will be made generally available.
However, we would endeavor to make a limited number of copies available

to those of our colleagues whose present research topliles warrant such
special efforts. In the meantime we are slowly augmenting the reference
system and translation program with an information classification, storage,
and retrieval system designed for lunar and planetary research. The
classification scheme used in this system is shown on the nsxt two pages.
It is designed to be compatible with the results of direct lunar
investigastion in the near future, and to eventually be part of a broader
classification scheme applicable to the solar system as a whole rather
than just to the earth-moon system. ZEach topic in the classification has

a corresponding hole assigned to it on the margin of the 8" x-10" Keysort
hand punch-card filing system. Only pertinent information such as observed
data, interpretation, accuracy, calibration technique, etc. are incluaed
on the & x 10" card. Important diagrams or tables are reproduced on the
reverse side, Only about 25 cards have been completed so far, but it is
hoped to bring the system up to a useful size during 1$61.

The powder vacuum studies are still in a preliminary stage. David T.
Roddy, a Caltech graduate student employed under the grant, has developed
a penetration testinc apparatus in conjunction with Dr. Leonard Jaffe,
John Rittenhouse and others at J.P.L. His preliminary results indicate
that the initial stzte of packing of the sample governs the penetration
results to such a degree that this parameter must be controlled with great
care if reproducible results are to be obtained. The data of Seigel (1960)
can be contradicted solely by changing the sample~loading technique. An
instrument to measure thermal conductivity of dust in a hard vacuum has
also been designed and is being fabricated by J.P.L. An experimental
system to measure absorption, scattering, and polarization of visible and
infra-red radiation by powdered materials in a hard vacuum has been designed
by Murray, Roddy, Nenow, and Baumann and is under developrent. Also, an
experimental A.C. polarimeter of our own design using an ADP crystal is
presently under test. Collection, preparation, and petrographic and chemicel
analysis of all rock samples 1o be used in our powder vacuum experiments are
all being carefully supervised by Prof. Leon T. Silver of the Division of
Geological Sciences of Calteche The next thres sections summarize recent
observational and analytical investigations pertaining to the lunar surface.
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9. Other source (Probe) Radiation
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12, Refraction

13, Gecgrephic variation
1l Time variation

15, Other

METHOD OF OBSZEVATICON & IKSTRUMZNTATION
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(7) DEGREE OF INTERPRETATION

( )

1. Raw data or reduced data
2. Theory or procedure of data reduction
3. Physical interpretation
L. Origin & process interpretation
5. Modelling, math simulation, or physical measurement
in lzboratory
6. Terrestrial analogy
T« Other
SURFACE AND ATHOSPHERIC PARAMETERS
l. Topography
. @. Maria
b. Uplands
c. Craters
de Other
2. Structure
3. Size and shape
L. Geographic variation
5. Particle size and sorting and roughness
6. Hardness
7. Temperature
8. Thermal conductivity, capacity, etc.
9. Electrical conductivity and other em parametesrs
10. Composition
11. Organic material
12. Fluid or sublimate phase on surface
13. Albedo and color index or spectrum
1. ZLuminescence and flourescence
15. Ambient radiation intensity
16. Pressure (Atmospheric)
17. Ion density (Atmospheric)
18. Time variation

Other



2.2 A MODEL OF SOLID-VAPOR PHASE EQUILIERIA ON THE LUNAR SURFACE

Kenneth Watson, Bruce Murray, and Harrison Brown

It has been recognized for some time that gases escape rapidly
from the lunar atmosphere becanse of the low gravitation and the
intense radiation level on the lumar surface (Spitzer 1952, Opik &
Singer 1960). It has also been presumed that a high escape rate
implies that volatile substances, particularly those of low
molecular weight, are not now present significantly on the lunar
surface, (Kuiper 1952, Urey 1952, Opik & Singer 1960). e wish
to point out that hizh escape rates alone do not necessarily imply
high mass removal rates from the lunar atmosphere. Rather it is
the vapor pressure of the volatile subsitance that governs the mass
removal rate of that substance from the lunar atmosphere. In the
following, we shall develop a model of stability of volatile
substances on the lunar surface based on two observed conditions
of that surface: (1) the atmosphere, if any, is very rarefied
(Elsmore 1557, Dollfus 1952) and, (2) there are permanently shaded
areas with meximum temperatures of the order of 120°K (Pettit and
¥icholson 1930, Pettit 1940, Sinton 196C). The model may also have
direct applicability to ths planet Mercwry and some of the other
planetary satellites.

Under the high vacuum conditions that prevail on the lunar
surface, volatile substances will migrate to and condense on the
coldest surfaces. This is because the pressure of a volatile
substance in a closed system is determined by the temperature at
the coldest point in the system: at least as ccld as 120°K, for
the model in question. The vapor pressure data for various
volatiles substances is presented in Fig. 4. The pressure for the
so0lid phases was extrapolated o low tempiratures since the
experimental data was of the form log p=ar-f5 (A and B constants).

Lssuming that no solid phase changes occur at these pressures, linear
extrapolation is quite reasonable for our purposes. In the case of
ice, this assumption is validated by the work of Bridgeman (1957)

For an isothermal atmosphere and constant gas pressure at the
surface (correspondinz to the vepor pressure) we can calculate the
mass of the atmosphere per unit arsa of the lunar surface as follows.
From the Gas law:

£ = density in moles / 2tmosphere column
‘ p - vapor prassure
R = gas const.
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T = atmosphere temp. in °K

Scale height H, = % from Kinetic theory.

Hence, the mass of atmosphere per unit surface area is:

M=_2P @)k 2
M RT%«E”L £

and hence, is independent of both temperature and molecular weight.

It follows, then, that the mass loss of any substance in the
lunar atmosphere, due to any mechanism is:

zh‘_gi’_ in units of mass/arez/time
e
where:

p = Vapor pressure corresponding to coldest point in system
g * surface gravity
7 = relaxation time of escape mechanism,

The least rezpid escape rate of volatiles imaginable would be
that derived from Kinetic theory essuming direct escape of the
fraction of the molecules in the atmosphere which possess welocities
greater than the escape wvelocity. For an isothermal atmosphere at
temperature TOX (Spitzer 1952)

te = ¢6W C ;LY where v. 3 Voo .
1 Y
3e Y C

tl = relaxation time

C = root rean square velocity:JBBn
n=T /s
R .-gazs copstant
T —temp. °K
A~ Folecular wt.
g = gravitational acceleration at lunar surface
Voo T lunar escape velocity

Results are tabulzted (Table One) for various substances at
several effective atmospheric temperatures.
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TABLE ONE

Gravitational Escape from Lunar Atmosphere

Substance
Mercury

Krypton

Chlorine

Sulfur Dioxide
Carbon Dioxide
Hydrogen Chloride
Water

Ammonia

=e e}

% t

1),00% }1500%

SeCSe SeCSe
2.63 x 107 8.53 x 1020
1.29 x 1032 7.67 x 109
2.37 x 1027 5.0l x 108
7.0L x 102k 1.21 x 108
3.81 x 1037 2.08 x 10°
Tl x 101h L.81 x 105
2.47 x 10° 1.97 x 10%
1.16 x 10° 1.71 x 10%

162 cms/sec?
8.317 x 107 ergs/°C/mole

fi o

o= 2eb X 10”2 cms/sec

secs.
2.6L x
1.38 x
L.00 x
2.11 x
3.67 x
2.0L x
7.01 x

6.75 x

l3ooo°K
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It is important to realize that no matter how small ™ might be
imagined, m physically cannot exceed the evaporation rate of the
substance in question. Hence for the important case of maximum
removal rate,

m £ EX
E = evaporation rate
K = shaded fraction

The maximum rate of evaporation of a substance from the solid
or liguid state would occur if the vapor was removed as fast as it
formed, so as to eliminate condensation. Now since evaporation and
condensation rates are equal when the vaper is saturated, the kinetic
theory cof condensation can be used to determine the maximum rate of
evaporation. From Loeb (1927) the mass loss can be expressed as follows:

S = p e = L.37) x 107
€% PrvE P4

where,

€ =mass loss in gms/cm?/sec
p = vepor pressure in dynes/
w= Molecular weight

= absolute temperature

Table 2 lists the evaporation rates of various volatile substances.



Substance

Mercury

Water

Sulfur Dioxide
Ammonia

Chlorine

Carbon Dioxide
Hydrogen Chloride

Xrypton

-12-

TABLE TWO

gms/cm?/ sec

3.07 x 10722
3.12 x 10‘1h
L.25 x 1077
5.69 x 106
T.12 x 10"5
1.11 x 1073
2,66 x 1072

3.05 x 10%

Evaporation Rates at 1209k

gms/cme /million years

9,70 x 10~2
9.85 x 10~1

1.3L x 107

1.80 x 108

2.25 x 10°

3.50 x 10%°

8.39 x 100%

9.62 x lOlh
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Sumarizing briefly, we have shown that the mass loss of any
volatile substance for a veriety of mechanisms is determined by the
relaxation time for the process and the vepor pressure of the
substance at the coldest temperature. Irrespectiwe of these
mechanisms however, the escape rate cannot exceed the evaporation
rate. Table Two clearly illustrates that water and mercury have
low enough evaporation rates at 120°, to remain in the solid phase
in appreciable amounts over millions of years.

We can estimate an upper limit for X (sbaded fracticn) by
assuming that as much as 50 percent of the lunar surface is shaded

(E = 2). The actual area of permanent shading is cons&dﬁrably less,

and for our purposes it will be sufficient to use K =107% (Watson
et al, 1961). Table Three presents these results.
TABLE TEREE
EVAPCRATICH 1035 FROM ENTIHE
SUBSTANCE LUNAR SUBFACE
gns / years gms / 107 years

Ferecury 3.68 x 107 3468 x 108
Viater 3.7h x 107 3.7h x 1016

- 1, 23
Sulfur Dicxide 5.09 x 10 5.09 x 10
Armonia - 6.83 x 1035 6.83 x 1024
Chlorine 8.5) x 10°° 8.5L x 10°°
Carbon Dioxide 133 x 1018 1.33 x 1027
. . 19 28
Hdydrogen Chloride 3.16 x 10 3.18 x 10
Krypton 3.65 x 1022 3.65 x 10°%

As a result of meteorite falls, volatiles are probably liberated from
the lunar swrface. The fraction which will be retained in the
permarently shaded areas will depend upon relative rates of the
molecular transport tc the poles and the escape.
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2.3 PHOTOEIECTRIC STUDY OF A SUSPECTED COLOR VARTATION IN MARE SERENITATIS
Bruce Murray & S. Liu

Photographs of lMare Serenitatis clearly demonstrate the existance
of 2 uniform difference in color and/or reflectivity between the
surface materials of the central and marginal areas. The present
investigation was designed to test the hypothesis that this observable
difference in density on the photographs is due, in part at least, to
a difference in spectral distribution of intensity, i.e., to a
difference in color between the central and marginal areas. No such
difference was detected and these results appear to be at variance
with those of Keenan (193%).

The Cassegrain scanner of the 60 reflector at Mt. Wilson was
used on the night of 3-i December, 1960 to obtain spectra from
3900 A to 8100 & from four small areas in Mare Serenitatis. Each
area was observed twice with a blue filter using the second order
of the grating and twice with a yellow filter using the first order,
resulting in sixteen profiles for comparison. The slit-width was
8" x &, equivalent to an area 15 km x 15 km on the lunar surface.
The slit position, referenced to local lunar features, was also
recorded photographically once per minute as a check on the actual
position of the slit curing each scan. The two areas in the darker,
marginal region are located:

(1) immediately northeast of Menelaus,A= 2),°L0" , B+ 29°40"

(3) in the center of the bay 1e Monnier, A= 15030’ ,3= 15010
the two areas in the lighter, central region are located: .

(2) southeast of Bessel and due north of Menelaus,A=26°0 ,

B+ 36%' -
(4) due east of Le lonnier and north northwest of Bessel,
X=35°0", B= L0°10"

The numbers (1), (2), (3), (L) are used in Tables I and II also to
identify the locationse.

The exit slit of the scamner was set at 0.8 mm, corresponding
to 8 § in the second order and 16 & in the first,order. The time
constant was 1 second and the scanning rate 200 4 / min. Calibration
of wavelength was acccemplished by observing a standard reference
star (Oke, 1960) before and after the lunar observaticns. Inasmuch
as the transparency of the atmosphere showed a moderately large change
between calibrations, and some noise is evident on the calibration
runs, no attempt has been made tc determine either relative or absolute
brightness of the four selected locations.

The overall wavelength range 3900-8100 K was subdivided into 13
intervals to facilitate the color comparison. The boundaries of the
intervals correspond to prominen} absorpgion features in the lunar
spectrum when measured with a 8 A or 16 A bandpass. Zach interval
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was planimetered and the % total area of that profile computed.

This quantity is referred to as % total response in the Tables.

The mean value of each pair of runs for each of the thirteen
intervals is shown on Table I, along with the estimated standard
deviation (computed as half the difference between the two repeated
runs). & is, thus, a measure of the random error involved in
returning to the exact location on the lunar surface, as well as that
resulting from egquipment and atmospheric noise, and from data
reduction, particularly that introduced by planimetering. It is
clear from Table I that such sources of random error have introduced
a dispersion into the data of just under 0.1%, expressed in the units
of Table I. Accordingly, we consider the experiment capable of
detecting any differences in total intensity between the thirteen
intervals of megnitnde greater than about 0.3%. Table II summarizes
the variztions in spectral distiribution of intemsity of the four
stations. It is clear that deviations between stations 1 and 3 taken
together and 2 and L1 taken together do not sugzest that there are

two distinct populations of lower deviation than that formed by
taking 211 four stations together, Similarly, the last two columns
of Table II show that even comparison of individual intervals does
not result in differences between the intensities of marginal and
central areas which are inconsistent with a basic random error of
measurement of 0.1%3. Accordingly, we conclude that the surface
materials of the marginal areas differ significantly from those

in the central areas only in reflectivity.

The absence of color differences may be taken as suggesting
that the maria surface is compositionally homogeneous. However,
the difference in reflsctivity is, nevertheless, real and is not
easily explained merely as a difference in physical state of the
rresumably granular material that forms the surface. In any case,
the observable density difference on the photographs demonstrates
clearly the existance of an intrinsic difference in the surface
deposits and is entirely inconsistent with the possibility of a
homogeneous surface layer present over the entire maria.
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TABIE II

TEST OF COHERENCE OF COLOR DATA

POPULATION POPULATICN POP;}IiTIOH AB
1,2’3,}4 1,3, . s . AB m
INTERVAL Bio3) G123y 313 63 Bt ol '
3907 L4095 11.86 0.08 11.92 0.62 11.81 0O.1h 0.11 0469
1095 1313 18.42 0.04 18.43 0.70 18.40 0.05 0.03 0.04
L1313 L1538 25,52 0,04 25.48 0.15 25.57 0.04 0.09 0.L7
k538  LT713 21.66 0.06 21.68 0.12 21.6L 0.04 0.0k 0.25
L713  L870 1L.39 0.06 .39 0.07 14.39 0.10 0.00 0.00
L870 5029 8.11 0.05 8.06 0.00 Bel6 0.09 0.10 111
ave. 0.065% ave. 0.18% ave. 0,08% 0.07%
L792 5179 10.86 0.13 11.01 0.16 10,71 0.07 0.30 1.30
5179 5594 15.74 0.16 15.94 0.17 15.54 0.10 0.L0 1.L48
559 5901 13.21 0.02 13,22 0.00 13.24 0.02 0,02 1.00
5901 657k 27.00 0.21 26.88 0,09 27.12 0.17 0.2} 0.92
657Lh 6886 10.0 0.05 10.38 0,06 10.L2 0.09 0.0L 0.27
6886 7622 17.L0 0.17 17.21 0.17 17.58 0.19 0.37 1.03
7622 8100 .34 0.0L S.3L 0.04 5.33 0.07 0.01 0.09
ave. 0.11% ave. 0.102 ave. 0,107 0.20%

NOTZ:
Byp3), mean of Areas 1,2,3,Lk
}313 mean of Areas 1 and 3
BZh mean of Areas 2 and L
6123h, 513’ 621& are respective standard deviations.

A® = difference in means of (1,3) and (2,k).
DR - is a rough test of significance

e———————

6, 2 4‘i"c:'r each interval.

-,
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2. THE POSSIBLE MINZRAIOGICAL SIGNIFICANCE OF LUNAR & PLANETARY INFRA-
RED RADIATION

Bruce Murray

There are two properties of silicate (and other) minerals which may
sufficiently alter the infra-red spectrum of the moon and terrestrial
planets to permit some mineralogical information to be obtained by
means of ground-based, or satellite-or probe-borne telescopes. The
two properties are: (1) absorption - reflection bands and transmission
bands related to characteristic vibrations of (SiOh) tetrahedrons and
to electronic transactions, and, (2) endothermic and exothermic phase
changes of characteristic magnitudes which take place at specific
temperatures during heating or cooling of mineral samples. Both
properties have been extensively exploited for laboratory analysis
of powdered samples of terrestrial materials. Figure | , illustrates
why the moon might be considered as an object for both reflection
and emission spectroscopy in the infra-red. For wavelengths shorter
than about 2.7 ¢, the reflected solar radiation dominates the total
infra-red spectrum, whereas the emitted "black-body" radiation
dominates the longer wavelength region. During an eclipse, or near
the terminator, one might, in addition, be able to obtain an emission
spectrum during the rapid cooling or heating of a portion of the
lunar surface. Accordingly three possible spectrographic regimes
may be resolved: (1) reflection spectroscopy in the near infra-red
out to about 3 4¢, (2) emission spectroscopy in the interval from
about 2.54¢ to 15 « , of sunlit or shaded areas which are at constant
temperatures,® and, (3) emission spectroscopy in the same wavelength
interval during periods of rapid temperature changes on the lunar
surface. Case (2) has not vet been adequately investigated in the
present study to warrant further discussion here. Cases (1) and (3),
however, already indicate some promise. Before proceeding, however,
it mey be worthwhile to mention why the mineralogical composition as
well as the chemical composition of the moon or planets is of paramount
interest as a means of learning about the degree of chemical
differentiation of such a body.

The silicates exhibit a well-known variation in crystal structure
characterized by increased sharing of the oxygen ions of the unit (SiQy)
tetrahedra., A decrease in melting point, density, and (Fe,lig) content
parallel this crystallographic variation. In particular, olivine
(Fe,Eg)SiOu and quartz SiOZ, common terrestrial minerals, are

* This is the case to which Sinton anag Strong's (1960) observations of
Mars and the Moon belong. It is not clear from that paper why they
consider that the absence of silicate absorption bands in their
spectra proves the absence of silicates.
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representative of the two ends of the series. It may prove particularly
important to planetology that the I.R. absorption bands of the silicates
also show a regular shift in wavelength corresponding to increased
sharing of the oxygen ions, as demonstrated by Launer (1952). Hence,
infra-red spectroscopy, if feasible at all, may provide information
directly about the degree of chemical differentiation of the lunar.and
planetary surface materials. Furthermore, quartz and olivine are
virtually mutually exclusive in terrestrial mineral assemblages and
there is little reason to suppose that this would not also be the case
for the moon or terrestrial planets. Hence, any spectrographic
technique which might distinguish between guartz and olivine is of
particular significance, although determination of intermediate
minerals is also important.

Returning to the consideration of Case (1), spectroscopy of
reflected radiation shorter than about 3 4 , it is of interest to
note that quartz shows no significant opacity from the visible up
to about 2.7 4 . Olivine, on the other hand, has a prominent
absorptlon band at 14 related to an elactronlc transition due to
the Fet¥ion (Clark 1957). There are no important variations in
index of refraction - and hence in the reflection coefficient -
for either mineral over the interval in qusstion. Therefore, one
would expect 2 reflection minimum at 1 A if olivine is present in
appreciable quantities on the surface whereas quartz should not
rodify the spectrum at 2ll. Furthermore, the same absorption band
apparently is present also in iron glasses, i.e., similar to olivine
in composition. Both the unigueness of the 1 4 absorption band and
the deleterious effects of scattering from z granular aggregate
obviously require additional experimental investigzation before
reflection spectroscopy of the moon, for instance, could be expected
to yield meaningful mineralogical information. However, such
experimental investigations certzinly seem warranted, as also would
be the preliminary design of suitable telescope instrumentation.

Similarly distinct absorption bands are present in both crystalline
and glassy quartz (5.2 ) and olivine (10. Q/x.) in the emission range.
The 9.2 4 band of Si0Op is virtuzlly unique, in fact. Both bands,
fortunately, are well within the I.R. 2tmosphere windew. The absorptions,
however, are due to latiice vibrations and coincide with reflection
maxime and transmission minima. Accordingly, it is possible that during
The ra; rapid cooling associated with an eclipse, for example, the cooler
particles of the very top of the lunar surface may introduce a character-
istic absorption band in the otherwise “black-booy" radiation emanating
fron the still warm layer irmedistely beneath {the thickness of such 2
layer woulc be perhaps a sma2ll fraction of a nl’llme er). This emission
phencmenz depends, of course, on the bebaviar of the emissivity of these
substances at wavelengths ciose to the absorption bands as well as on
the scattering mode and, therefore, also needs further expsrimental
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investigation. Virtually all rock-forming silicates have some strong
and usually diagnostic absorption bands in the useful range for ground-
based observations as is shown in figureZ . Hence, emission
spectroscopy might reveal a wealth of mineralogical detail if these
absorption bands are impressed - even slightly - on the emitted thermal
radiation spectrum during cooling, heating, or even under steady-state
temperature conditions.

Endothermic or exothermic phase changes in silicates and other
minerals, possibly present in the surface deposits of the moon or
terrestrial planets, might be detectable during rapid heating or
cooling as irregularities in the observed rate of change of
temperature. Such irregularities could arise because the
temperature of the mineral holds constant briefly during such a
phase change. Inasmuch as these phase changes involves crystallographic
rearrangements, however, they are not to be expected in glasses. A more
serious limitation is that virtually all the phase changes that occur
below LOOPK are due to the presence of water of hydration. In the case
of the moon at least, hydrated compounds probably would be unstable at
the surface, even if they once had formed. Iiars, however, might present
a more favorable situation for the application of the suggested technique
in the vicinity of the terminator.
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3. METEORITE INVESTIGATIONS

.1 INTRODUCTION

From at least two points of view, an understanding of meteorites
is related to an understanding of the moon. There are probably
compositional relationships between the two. Further, metecrites
undouvbtedly strike the moon with sufficient freguency to have had
major effect upon lunar topography. In view of the importance of
metecrites in relation to lunzr research, a significant fraction of
the effort connected with this grant has been placed upon meteoritic
research.

The first area of inquiry has involved meteorite systematics.
The data contained in the "Catalogue of lMeteorites" by G. T. Prior
and ¥e Fe Hey (1553 edition) has been placed on IRy punch cards
together with suprlermentary dzta provicded by the bulletins of Z. L.
Erinov, under the auspices of the International Geological Congresse.
These cards have been used to cormpile listings of meteorites based
upon chronology, type of meieorite, and gecgraphical position. An
additionsl benefit has been the modernizaticn cf tabulations showing
the numbers of metecrite falls as functions of the time of day, montkh,
year, geogresphical position and type of meteorite. OSurmaries of these
listings will be mace available in the near future.

tudies have been nmeaae cf ‘ha chemical composition of metecorites
using conventizl chermicel technicues as well as X-ray flucrescence.
In the study of *the Zruederhein eteorite the chemical anelysis has
besn correlated with retrecgrapric =t*~1e_. The Z-ray studies have
been concucted with particular reference to ths a“phcabﬂ ity of
X-rzy fluorscscence analysis to the cdetermination of the chemical
corposition of the lunar surface.

A preliminary study has besen nade by Ir. Davic Roddy of
applicability of Gifferential thermal analysis to metecriies., ;he
results rade it appear likely that this typs of analysis can provide
useful information concerning the phase composition of metsorites.
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32 IVETEORITE STATISTICS

Harrison Brown and Hugh T. Millard, Jr.

The available data on meteorites summarized in sources such as the
Prior - Hey catalogue have been placed upon punch cards, and these cards
have been sorted through with respect to specific variables. Each
meteorite has been assigned a code number and the punched data includes,
when available, the time and date of the fall, the location (rounded to
one degree), the type of meteorite, the recovered mass, the number of
frasments, together with chemical data such as the per cent of nickeliferous
iron, the Fe/¥i ratio in the metal, the ¥g0/FeO ratio in the silicate
phase, the per cent nickel and the per cent troilite.

Printouts have been obtained of the data with respect to a number
of variables. The following printouts zrs now available:

1.) all meteorites in alphabetical oraer

2.) falls in chrorological order

3.) falls by month ana day

Le) falls by hour, local time

S5.) iron falls by type

6.} iron falls by mass

7.} stony-iron falls by tipe

€.) chondritic falls by tyve

9.) achondritic falls by tyoe

10.) chondritic falls by weicht

11.) achondritic falls by weight

12.) meteorites in each interval of 10° lztitude

in longitudinal order

13.) nmeteorites in each latitude interval by renth
iL.) meteorites in each latitude interval by time of day
15.) falls in order of metal phase content

16.) iron finds by type

17.) iron finds by weight

1£.) stony-iron finds b type

19.) stony finds by weicht
20.) stony finds by tvpe

1.) finds by latituce anc lonzitude
22.) finds in order of metal phase content
22.) iron reteorites in order of increasing nickel content.

These cata are now being analysed and plottecd for distribution.
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Geographical locations of falls and finds have been plotted on
maps for the purpose of analysing the flux of meteorite falls upon
the earth. An estimate of the frequency of impact of meteorites upon
the earth and moon has been made, based upon the observed impact
frequency in areas of high population density. It appears that the
flux of meteorites reaching the earth's surface corresponds to about
l.1 meteorites per year per million square kilometers.

Analysis of the fall data indicates that certain types of meteorites

fall preferentially during specific times of the year. For example,
veined white hypersthene chondrites appear to fall preferentially in
February, May and September. There are distinct groupings of iron
meteorite falls in the intervals larch 25-April 20 and July 7-August 3.
Among the hypersthene chondrites there are interesting groups of falls
wnich appear to cluster around June 28, July 15, September 5 and
December 10, which may relate to orbital characteristics of individual
meteorite groups. By contrast, falls of carbonaceous chondrites appear
to be randomly distributed throughout the year.

The summaries of these studies will be made generally available
500n.
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3.3 THE PETROGRAPHY OF THE BRUEDERHEIM METEORITE

Dale R. Simpson

The Bruederheim Meteorite fell in 1960 and has been used extensively
by other workers in studies of spallation reactions induced by cosmic rays.
In vieu of the fact that so many workers are studying this meteorite, it
was deemed desirable to make a careful petrographic study of the meteorite
together with a careful chemical analysis. The description below is
preliminary. An independent opinion of many of these observations, based
upon his own study of the thin and polished sections, is being prepared
by M¥Mr. Michael Duke.

PETROGRAPHY

Texture

The meteorite is holocrystalline inequigranular. Chondrules,
spherical to subspherical minerals or mineral aggrezates, form the most
conspicuous textural features. The chondrules are in a fine to medium
crystalline groundmass. This groundmass is seriate textured with the
smallest grzins being about 0.01 mm. in diameter. The larger grains of
the groundmass are as much as 0.3 mm. in diameter. They are generally
anhedral and have forms that range from angular to subrounded.

In this study, the chondrules have been divided into seven classes
on the basis of their morphology. The names assigned to thess classes
are intended to be descriptive and not genetic and for this reason the
use of a mineral name in the name of a chondrule class has been avoided
wherever possible. The descriptive names are the following:

l. Rimmed bar chondrules

2. Radial aggregate chondrules

3. Lathlike aggregate chondrules

Li. Composite acicular chondrules

5. Composite equant olivine chondrules
6. Equant olivine chondrules

7o Single crystal chondrules

It should be understoocd that there are many chondrules in this
meteorite that do not fit well into a single class; in fact there appear
to be gradations between some of the classes. Therefore the chondrules

described and the class names assigned should be considered textural
end-members.
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l. Rimmed bar chondrules. Two such chondrules were observed
in the thin section, each about 0.6 mm. in diameter. The core of
these chondrules, about 0.5 mm. in diameter contains elongate
anhedral crystals of olivine in subparallel orientation with the
individual crystals extendingz across the chondrule core. There
are about 10 of these elongate olivine crystals in crude optical
continuity with each other in a single chondrule. In one of these,
the olivine has 2V= + 85° corresponds to Mg85Fel5. An average
width of these olivire crystals is about 0.02 mm. Interstitial
to the elongate olivine crystals is pyroxene. This interstitial
mineral may be 2 single crystal or more crystals with 2 common
orientation. In thin section the core of the chondrule appears
round and is surrounded by a rim of olivine. There are about
15 crystals in a2 crude optical orientation with ezch other in
this rim, and in all cases these crystals extend from the core-
rim contact tc the outer edge of the chondrule. In one of the
chendrules the olivine in the core is in optical continuity with
the clivine in the rim vhereas in the other chondrule there is a
marked difference in the optical orientation of the core and the
Tim. The outer edge of the chondrule appears generally rounded
but in detail it is very irregular in outline. Small messes of
iron and troilite are present in both the rim and the core of
the chondrules.

2. Radial agpregate chondrules. Three exceptionally well
developed cnondrules of this type were found in the thin section,
each about 1.5 mm. in diameter. These chondrules are composed
of acicular crystals of pyroxene, the larger of which measure as
much as 2 mme in length and 0.02 mm. in width. In some chondrules
these crystals appear to radiate from a2 common point and thus have
a fan-like texture. In other chondrules the acicular crystals are
subparallel; whereas in still other choncrules there appear to be
domains and in each domain the acicular crystals have a different
orientation. Besices the acicular crystals of pyroxene there are
rarely present anhedral masses of pyroxene that appear to grade
into the acicular crystal form. These anhedral masses of pyroxene,
the largest being sbout 0.3 mm. long, have the same optical
rroperties and orientation as the acicular crystals of pyroxene.
Masses of iron and itroilite, about 0.02 mm. in diameter are

istributed in these radial azgregate chondrules. These chondrules
are subrounded with an irregular boundary.

3. lathlike agzgregate choncdrules. About 6 to 8 of these
chondrules were found in the tnin section each about 1 to 2 mm.
in diameter. They contain pyroxene with a lathlike habit. These
lathlike crystals range in length from about 0.2 to 0.6 mm. and in
width from 0,02 to 0.05 mm. An area in a chondrule may be in
different optical orientation with another area of the same chondrule,
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and within a single area the pyroxene laths commonly have several
directions of elongation but a common optical orientation. As a
result of the pyroxene laths, the chondrule has a crisscross
texture. The laths are nearly acjacent to each other but have a
wide-zppearing contact as a result of minerals with an equant form
in the contact zone. These equant minerals are either isotropic
or very low birefringent with relief about equal to the pyroxene.
These crystals are about 0,003 mm. in diameter. The outer edge
of some of these chondrules is distinct, being marked by a crude
concentric fracture; however others of these chondrules do not
have a well defined outer edge although the general form of the
chondrules is round to subround.

L. Composite acicular chondrules. About 6 to 8 of these
chondrules in the thin section average about 1 mm. in diameter.
These chondrules are composed of about 50% olivine and 50% pyroxene.
The olivine has an acicular habit with individual crystals commonly
about 0.3 mm. long and 0.03 mm. wide. These crystals, which are
evenly distributed in the chondrule, have a common optical orientation
and lie parallel to each other. Interstitial to the acicular olivine
crystals are anhedral pyroxene crystals. Some of these pyroxene
crystals are as much as 0.08 mm, in diameter. Commonly the anhedral
pyroxene crystals are cut by an acicular olivine crystal. Iren and
troilite grains, about 0.01 mm. in diameter, are randomly distributed
in these chondrules. In general form these chondrules are rounded
to subrounded; however some of them appear flattened or broken.
Rarely an olivine rim, in optical continuity with the acicular
olivine, is present along part of the periphery of the chondrule;
however the outer margin of these chondrules is generally irregular
and poorly defined,

5. Composite equant olivine chondrules. There are about L to 6
in the thin sectiom, each about 1 to 2 mm. in diameter. Olivine,
averaging about 0.3 mm, in diameter, comprises about 70% of these
chondrules, In some chondrules the olivine forms euhedral crystals
with exceptionally well developed faces; however in other chondrules
the crystals are subhedral to anhedral and appear embayed or even
skeletal., Interstitial and in the embayed areas of the olivine
crystals, pyroxene poikilitically encloses numerous olivine crystals
that are about 0.007 rm. in diameter. The interstitial pyroxene
forms about 30% of the chondrule. Although these chondrules are
rounded in form, in cdetail they have a very irregular border with
the limit of the chondrule beinz defined by the equant olivine
crystals.

6. Equant olivine chondrules. There is one good example of
this type in the thin section. This chondrule, about 2 mm. in diameter,
is composed of small equant crystals near the outer edge and it beccmes
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coarser crystalline near the center. Xost of the crystals near
the outer edge of the chondrule are in the size range of 0.02
to 0,07 mme with an average size of 0,03 mm. These crystals
are closely packed with no visible interstitial material.
Olivine is the only silicate mineral in the outer portion of
the chondrule. The central part is pyroxene poikilitically
enclosing olivine. The maximum size of individual pyroxene
crystals in the center of the chondrule is difficult to
determine because the minerzl is extensively fractured;

howaver one pyroxeneé crystal is at least 0.7 mm. in diameter.
An average size of the olivine that is poikilitically enclosed
by the pyroxene is about 0.6 mm. in diameter. These olivine
crystals are equant and subhedral. Iron and troilite grains

as rmach as 0.1 mm. in diapeter are disseminated in the chondruls.
In addition, iron, troilite, and wustite occur in a distinct,
but discontinuous, band around the chondrule.

Te OSingle crystal chondrules. There are many examples of
this type in the thin section. These single crystal chondrules,
commonly about 1 rme in diameter, may be either olivine or

pyroxene. The olivine chondrules are equant, rounded or subrounded,

with a well defined outer edge. The pyroxene chondrules are
subrounded to subangular also with a well defined outer boundary.

Mineralogy

Metzl1lic Phases

l. Troilite is present in very irregulzr rmasses up to about
2 rme in maximum dimension. These masses appear to £ill in or be
interstitial to the silicate minerals and in several areas they
vein the silicate minersls. These irregular messes are made up
of subhedral troilite crystals zbout 0.1 mm. in diameter.

2. Metallic iron-nickel is present as very irregular masses
up to 1 mme ir maximum dimension. 1t also appears to £ill in
arcund the silicate minerals.

3« wWustite occurs as anhedral crystals 0.1 to 0.2 mm. in
diameter. In reflected light it appears fractured and pitted.

Non-metallic Phases

le Pyroxene was identified in several iypes of chondrules.

The optical properties cbtained for different mineral
fragments are shown in Table 1.




-30-

Table 1

Optical properties of pyroxenes in
mineral fragments of the Bruederheim Meteorite

Mineral

Occurrence(l) N (2) N (2) Composition(3)
Radial aggregate chondrule (3) 1.678 1.694 Mg.nFeZ3
Radial aggregate chondrule (L) 1.680 1.692 Hg78F922
lathlike aggregate chondrule (8) 1.678 1.690 ¥ggFesq
Lathlike aggregate chondrule (11) 1.678 1.690 MggoFesq
Radial aggregate chondrule (12) 1.678 1,692 }Ig78Fe22
Lathlike aggregate chondrule (13) 1.677 1.690 Mg8dFeZO
Single crystal chondrule (15) 1.678 1.690 MgSOFeZO

(1) The morphologies of the crystals are listed under types
of chondrules,

(2) The indicies of the mineral fragments were obtained in
the manner previously described. Because of the size and fragile
nature of the mineral fragment it was not possible to orient
the specimens on a universal stage, consequently there is
uncertainity as to the optical orientation of the mineral frag-
ments. For this reason, the values listed for the indices are
considered accurate only to 0.00L.

(3) Obtained from diagram of the properties of orthopyroxenes,
Hess, E. H., G.S5.A. Liemoir 80, 1960.
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2. Olivine is present in chondrulies and in the groundmass.
The optical properties obtained for the different mineral frag-
ments are given in Table 2.

Table 2

Optical properties of olivine in
mineral fragments of the Bruederheim Meteorite

¥¥ineral
Occurrance(l) N (2) N(z) N (2) 2V Composition )
Composite equant - 1.680 1,700 85°%(-) Fo
olivine chondrule (5) 71F323
Rimmed bar chondrule (7) 1.690  1.715 FopFayy
Equant olivine chon- 1.678 1.715 Fo
e 6 e N
omposite eq .
olivine chondrule (10) o7 an3
Single crystal 1.715 FopFaps
chondrule (1)
Fine grained ground- 1.680 1.715 FopFay,
mass

(1) The morphologies of the crystals are listed under
type of chondrule

(2) The indicies of the mineral fragments were obtained in
the manner previously described. 3Because of the size and fragile
nature of the mineral fragment it was not possible to orient
the specimens on a universal stage, consequently there is
uncertainity as to the optical orientation of the mineral frag-
ments. For this reason, ths values listed for the indicies are
considered accurate only to 0.00k.

(3) Obteined from diagram of properties of olivine,
Poldervaart, A., Am. kin., 35, p. 1073, 1950
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3. Apatite is present in trace amounts as anhedral crystals
interstitial to olivine and pyroxene. Indicies, Nw 1.626% 0,002
and N, = 1,621% 0,002 indicate that the mineral is a fluor-apatite.

L. Feldspar was looked for but not found in the thin section.

Modal Analysis of the Metallic Phases

A modal analysis of a polished thin section and a polished
section was made in order to determine the per cent iron, troilite,
and wustite in the meteorite. The opague minerals were identified
and point counted on a metallographic microscope with a point
count stage. With both the polished section and the polished
thin section a count of more than 2500 points was made and the
values were recorded every 500 points. A plot of per cent mineral
vs. number of points, at 500 point intervals, give an indication
of the sample area required. Such a plot of this meteorite shows
that reproducibility to plus or minus 0.5% of the whole can be
expected for the metallic phases from a sample area of about 5 eml .
In both the polished thin section and the polished section there
is about 5% troilite, 3% iron, and 0.5% wustite by volume. Holes
present on the surface studied were also counted and it was found
that the polished section had more than twice as many holes as the
polished thin section. This is probably the result of bonding used
to mount the thin section to the glass slide filling the holes.
With reflected light the bonding media probably could not be
distinguished from the silicate minerals.

Assuming the specific gravity of the pyroxene-olivine mixture
to be 3.L, that of wustite to be 5.7, that of troilite to be L.B
and that of metallic iron-nickel to be 7.8, we find the following
composition by weight:

metallic iron-nickel 8
troilite 7
wustite O.
other 83.7%




Thin Section
In volume per cent

Points Silicates TWustite Troilite Iron

500 8508 006 7.8 3.0
1000 85.9 0.k 5.8 3.9
1500 83.9 0.5 5.3 L.0
2000 86.3 0.5 52 3.7
2500 86.7 0.6 D2 3.5
2665 B6.8 0.6 5.3 3.3

Polished Section

500 Bheb 0.4 6.0 L.2
1000 B2.Y 0¢5 5.1 3.9
1500 B2.L 0.7 4.8 3.7
2000 81.1 0.6 5.1 3.5
2500 81.0 0.6 5.3 33
2711 B1.h 0.5 52 3

e e e e e s . o™ g e e .~
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2;& CHEMICAL ANAIYSIS OF THE BRUEDERHEID)] METEORITE
Donald Maynes

Outline of Analytical Methods

From a 60 gm. piece of the meteorite, 15.2 gms. were chipped
off and crushed in a Plattner mortar to pass 80 mesh. Those pieces
of the metallic phase which flattened into plates during the crushing
were reduced to 80 mesh with a Wig-L-Buge.

A second portion of approximately 25 gms. was taken from the
same piece, and reduced to 80 mesh. This portion was separated
into a "magnetic" and "non-magnetict fraction with a hand magnet,
the weights being 3.13L1 and 22.0303 gms. respectively.

Portions of the crushed sample used for the various determinations
were separated with a sample-splitter, except that grab-samples were
used in the analysis of the "magnetic® fraction.

A 1 gm. portion was used for the determination of H20; S5i0p5 TiOZ,
Total Fe, Al;03, CaO, and }gO. H,0 was determined from the loss in

weight at 105°C. Silica present in the ammonia precipitate was
recovered and the weight added to that obtained by double dehydration
of an hydrochloric-acid solution. The ammonia precipitate was
dissolved and aliquots were taken for the determination of TiG,
(colorimetrically with hydrogen peroxide), total iron (reduction

with silver and titration with potassium dichromete), and Aly03
(grevimetrically by precipitation with 8-hydroxyquinoline). Calcium
was precipitated twice as the oxalate, ignited, and weighed as the
oxide., Magnesium was precipitated twice with phosphate, ignited,

and weighed as the pyrophosphate. Manganese present in the
pyrophosphate was determined and the weight of pyrophosphate
corrected for its presence. (Hillebrand, Lundell, Bright, and Hoffman,

1953).

Total water was determined by the Penfield method, with lead
oxide added to retain other volatile constituents. The value for H20+
was obtained by subtracting HyO from total water.

Alkalies were determined in a 0.5 gm. sample, essentially in the
manner outlined by Brannock and Berthold.(l953§.

Manganese and phosphorus were determined in aliquots of a solution

of 0.5 gms. of the meteorite; P20 by the procedure of ¥itson and Mellon
(19Lk) s ¥nC by the procedure of ¥illard and Greatnouse (1917)e
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Total nickel, chromium, and sulphur were determined in a 1 gm.
portion after a fusion with a sodimm carbonate-poctassium nitrate
flux. Chromium was determined colorimetrically as the dichromate,
sulphur gravimetrically by precipitation with barium chloride, and
nickel gravimetrically by precipitation with dimethylglyoxime.
(Hillebrand, Lundell, Bright, and Hoffman, op. cit.).

, Metallic iron was determined by two methods, namely, Riott's
procedure (1941), and the mercuric-chloride procedure (Lundell,
Hoffman, Bright, 1531). An aliquot of the solution obtained in
the mercuric-chloride procedure was used for the metallic-nmickel
determination; the inscluble portion of the sample was used for a
direct determination of nickel oxide. Generally, Rioti's procedure
yields the higher result for metallic iron. Experiments with other
meteorites have not yet indicated the cazuse of the difference.

The concentration of iron as oxides, reported as FeO, was
obtained by subtracting the sum of metallic iron and iron as
sulphide from total iron.

Results

The analytical resulis are shown in Table I. The average
analysis is in satisfactory agreement with the composite result
derived from independent analysis of the "magnetic" and "non-
magnetic® splits. The chemical results for metallic nickeliferous
iron and troilite are compared with the peitrozrephic results below

Per cent

petrographic chemical
nickeliferous iron 8.0 Oeb3
troilite 7.5 6458

The agreement is satisfactory. The discrepancy may in part
result from an occasional confusion between metal and troilite
under the microscope.
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Table T

CHEMICAL COMPOSITION OF THE BRUEDERHEIM METECRITE

#1 #2 #3 AVERAGE "magnetic" "Non-Mag." "Composite"

510, 39.56  39.5L 39455 15,51 L3.31 39.8L

TiOZ 0.12 0012 0012 O'OS 0012 0012

.A.1203 2.15 2,15 2.15 0.98 2.36 2,19

Met. Fe (KCuCl3) (HgClp)

7oLk 7.18 7.31 53.40 0.36 6.97

Feo-t—Fezo3 13,80 13,55 13.89 6.90 14.97 13.87

as FeO

¥noO 0.32 0.32 0.32 Not 0.35 0.31
Determined

Ca0 1.76 1079 1078 0078 109)4 1-80

MgO 2h066 2&-71 2&.69 7-77 27.16 2ho71

Na,0 0.99 0.99 0.99 Not 1.07 0.94
Determined

K0 0.12  0.11 0.12 Net 0.12 0.10
Determined

Hzo* 0.1L 0.17 0.16 Mot 0.18 0.16
Determined

Hy0™ 0.05 0.03 0.0l 0.0l 0.01 0,01

P50 0,28 0.27 0.28 Not 0.30 0.26
Determined

FeS 6.56 6.59 6.58 2.21 7.25 6.63

TOT. Ni. 1.22 (1.39)(1) 1.22 1.22 9.36 0.12 1.28

as metal

Cr, 0, 0.53 YNot (2) 0.53 0.27 0.58 HIN

23 Determined
TOTAL 99.70  99.4L(2) 99.73  97.27  100.16 99.73
Tot. Fe 22.35 (21.90)1  22.23  22.29 60,16 16.62 22,04
as metal

(1) Discarded in ave.
(2) Crzo3 from Brued. #1 is used.
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3.5 MISCEILANECUS AWALYSES OF MSTECRITES
Donald Maynes
Several meteorites have been analyzed with respect to their

major constituents. The results are summarized in the attached
table.
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